The seedlings selection and the strawberry cultivars choice are fundamental to the productive success of a cultivation. Thus, the objective of this work was to evaluate the production of two strawberry cultivars with seedlings from different origins, in a conventional cultivation system under the low tunnel. The experiment was conducted in a randomized complete block design, in a 2 × 3 factorial scheme, two cultivars (Albion and San Andreas) and three different nurseries (Low altitude region/BR, High altitude region/BR and seedlings imported from the of Patagonia Region/AR) totaling six treatments, with four replicates and eight plants per plot. Phyllochron, number and production of commercials and non commercial fruits were determined. To the qualitative analysis, the acidity, total soluble solids and the relation total soluble solids/titratable acidity were determined. It was possible to observe that the Albion cultivar from all sources and the San Andreas of high altitude/BR presented the highest phyllochron values. The production of commercial fruits was higher for the Albion cultivar from high altitude/BR and Patagonia/AR, and to San Andreas cultivar of low altitude/BR. It was concluded that the phyllochron varies according to the cultivar and place of origin of the seedlings, being San Andreas cultivar of the low altitude/BR the one that requires less amounts of degree-days to emit a leaf. The Albion (high altitude/BR) cultivar has higher phyllochron, high productive potential and less production of non-commercial fruits, and can be used as a substitute for imported seedlings (Patagonia/AR), which will reflect in the costs reduction to the implantation of strawberry crops.
Introduction
The strawberry cultivation (Fragaria x ananassa) is carried out in several regions of the world. In 2011, the world production of strawberries reached, approximately, 4.5 million tons, with the United States, Spain, Japan, Italy, South Korea and Poland being the main producers of the fruit (Reisser Júnior et al., 2010) . In Brazil, the planted area totals around 4,000 hectares, with an annual production of 105,000 tons of the fruit per year, and an average productivity of 30 tons per hectare, and in more technified areas it can reach 60 tons per hectare (Reisser Júnior et al., 2015) . The same authors report that Rio Grande do Sul is the second largest Brazilian producer, with an average productivity of 32 tons per hectare. Among the producers, there are small rural farmers who generally use family labor for their cultivation, making it an activity of great economic and social importance. In addition, strawberry cultivation stands out for its high profitability, constituting an important source of income for farmers (Dias et al., 2007) .
The cultivar choice is fundamental for the productivity success, since the adaptation of a cultivar depends on the genotype-environment interaction, and should be recommended according to the growing region, because the productivity and quality of the fruits are determined by the temperatures, photoperiod, conditions of the soil and incidence of pests and diseases (Oliveira & Bonow, 2012; Duarte Filho et al., 2007) . The temperatre is the main factor, acting as a regulator of the physiological process affecting plant growth and development. The ideal temperatures for strawberry cultivation are 20 to 26 °C in the daytime period and 15 °C in the nocturnal period (Verdial et al., 2009) . Thus, to evaluate the cultivars performance and the speed of leaf emission, the phyllochron is used, which is defined as the time interval between the appearance of successive leaves in the main crown, which is directly related to the increase of the leaf area (Mendonça et al., 2012; Rosa et al., 2009) . In order to quantify the temperature of the air in the plant time, it is used the thermal sum, which refers to the difference between the accumulation of the average temperature and the base temperature, expressed in degrees-days ).
For the commercial strawberries cultivation, it is recommended that plants be renewed annually, due to the high incidence of diseases and pests, in which they cause reductions in fruit production. With this, the acquisition of new seedlings can represent up to 24% of the annual cost of the crop production (Wrege et al., 2007) . The propagation of the species is made by stolons, which originate from the parent plant under long photoperiod and high temperature conditions, with vigor and sanity being the fundamental prerequisites for a new crop implantation (Cocco et al., 2010) . In Brazil, most of the seedlings produced do not reach a minimum standard of certification, because they present low crown size and high infestation of diseases, and constant phytosanitary treatments are necessary because the nursery soil is not sterilized before planting (Antunes & Cocco, 2012) . Thus, about 30% of the seedlings that are used for the crops formation in the country come from abroad, mainly from Argentina and Chile (Oliveira et al., 2005) , increasing the costs of strawberry crops. The seedlings from Patagonia present better quality, mainly due to the high amount of cold hours that the seedlings receive at the time of their formation, which favors fruit production (Radin et al., 2011) . However, these seedlings usually arrive later to the producer, causing delay of the beginning of the reproductive phase, whereas the national seedlings can be transplanted sooner, increasing the period of fruit production.
The combination of obtaining high quality seedlings, along with the correct cultivar choice are important tools to increase productivity in the strawberry crop. In addition, it is interesting to evaluate the influence of the place of production of the seedlings on the productive performance of the crop. Thus being, the objective of this work was to evaluate the phyllochron and production of two strawberry cultivars from different seedlings in a conventional low tunnel system.
Method
The work was conducted in the experimental field of the Universidade Federal de Santa Maria, Campus Frederico Westphalen located at 27°23.73′ S; 53°25,75′ W and at an altitude of 493 meters, under low tunnels, from May to December in 2015. The soil of the experimental area is classified as typical dystrophic Red Latosol with a clayey texture, deep and well drained (Embrapa, 2013) . By Köppen's classification, the region climate is Cfa-humid temperate type with hot summer, with maximum air temperatures in hotter months higher than 22 °C (Alvares et al., 2013) .
The experimental design was a randomized complete block design, in a 2 × 3 factorial scheme, two cultivars (Albion and San Andreas, both of neutral days) and three different regions of origin of the seedlings [from the low altitude region (city of Agudo in the Central area of Rio Grande do Sul, Central/RS, at an altitude of 83 meters), high altitude region in Brazil (city of Farroupilha in the Serra Gaúcha, an area of Rio Grande do Sul, Serra Gaúcha/RS, at an altitude of 783 meters) and imported seedlings from Patagonia, Argentina (city of El Maitén, at an altitude of 720 meters)], totalizing six treatments, with four blocks, each experimental unit consisting of eight plants.
Soil preparation was carried out in a conventional way with plowing, disking and the confection of seedbeds. The fertilization was carried out according to the previous analysis of the soil, being calculated according to the crop requirements (Santos & Medeiros, 2003) . Before planting, chemical fertilizer was applied at a dose of 55 g/m², of the formula 10-20-10 and tanned bovine manure at a dose of 5. 
an be 012).
ulated (3) jas.ccsenet.
To estimat accumulat angular co
The qualit acidity) of and Octob was perfo performed was perfor
For the va and non-c maturation fruits were
The result and the dif compared
Results

Experi
In the data observe th experimen 
Phyllo
Analysis o the phyllo production Vol. 10, No. 5; possible to observe that the seedlings from the region of high altitude/BR (289.6) they presented higher phyllochron when compared to the other regions of origin (p < 0.05). Note. * Averages followed by the same lowercase letter in the column and upper case in the row do not differ by Tukey's test at 5% probability.
Albion cultivar from all the regions of origin and San Andreas from high altitude/BR presented higher phyllochron values, making them less vigorous when compared to San Andreas in the low altitude/BR and Patagonia/AR regions ( Figure 3 ).
It was possible to observe that the plants of the national Albion cultivar, coming from the regions of high and low altitude/BR ( Figures 3A and 3B ) required a thermal sum greater than 2,000 °C day -1 for emission of approximately 12 leaves, while the seedlings from Patagonia/AR required around 1,500 °C day -1 of STa ( Figure  3C ). The San Andreas cultivar of high altitude/BR, presented higher temperature accumulation (2,500 °C day -1 ) for emission of greater number of leaves (11 leaves), when compared with the other origins ( Figure 3D ). Plants from low altitude/BR were the ones with the lowest thermal sum, in relation to the number of leaves emitted, being approximately 2,500 °C day -1 for emission of 10 leaves and 1,300 °C day -1 for emission of 13 leaves in Albion and San Andreas cultivars, respectively ( Figures 3B and 3E, respectively) . Note. * Averages followed by the same lowercase letter in the column and upper case in the row do not differ by Tukey's test at 5% probability.
For the PCF variable, when comparing within the same source region, there was a significant difference for the seedlings produced at high altitude/BR in which the Albion cultivar was superior to San Andreas (295.9 and 173.6, respectively). For the low altitude/BR region, the opposite was observed, in which the San Andreas cultivar was superior (p < 0.05) to Albion (273.5 and 102.5, respectively). When comparing within the same cultivar, there was a significant difference only for the Albion cultivar, in which the seedlings produced at high Altitude/BR and Patagonia/AR were superior when compared to the low altitude/BR region (295.9 and 260.5, respectively).
Number and Production of Non-commercial Fruits
For the NNCF variable, when evaluating the cultivar factor, it was possible to observe that there was no significant difference for both Albion and San Andreas (Table 3) . However, when the factor of origin of the seedlings was evaluated, there was a significant difference only for those produced at low altitude/BR, in which San Andreas was significantly higher than Albion (8.4 and 2.5, respectively). For PNCF, when the cultivar factor was observed, there was a significant difference only for San Andreas, in which the low altitude/BR region was higher only when compared to high altitude/BR, in which it reached values of 29.7 g plant -¹. When the cultivar factor was evaluated, it was possible to observe a significant difference only for the seedlings produced in the region of low altitude/BR, in which the San Andreas cultivar (59.9) was significantly superior to Albion (16.9). Note. * Averages followed by the same lowercase letter in the column and upper case in the row do not differ by Tukey's test at 5% probability.
Total Titratable Acidity, Total Soluble Solids and Relation Total Soluble Solids/Total Acidity
From the analysis of variance, it was possible to observe that the qualitative variables of total titratable acidity (TTA), total soluble solids (TSS) and the relation total soluble solids/titratable acidity (TSS/TA) were not significant. It demonstrates that these variables were the same, that is, there was no difference in relation to the cultivars and the different places of origin of the seedlings. Therefore, the results show that the titratable acidity showed variations of 1.1 to 1.3% of citric acid in the different cultivars and regions of origin. The total soluble solids contents presented variations from 7.1 to 8.0 ºBrix, while the relation of soluble solids has presented averages of approximately 6.5 ºBrix (Figure 4 ). Vol. 10, No. 5; is more affected by the environment than by the cultivar genetic constitution when compared to the main factors of production (cultivar, planting date and phyllochron phase). Therefore, the results in the present study may be correlated to local environmental conditions.
The results demonstrate that even the seedlings coming from the same region, the cultivars can express different responses and, thus, cause variations in the number and production of commercial fruits. Fruit production can be influenced by planting date (Rosa et al., 2013) , demonstrating that yield varies according to environmental conditions.
The Serra Gaúcha region (high altitude) is a recommended place to produce strawberry seedlings in the state of Rio Grande do Sul, mainly due to the accumulation of cold hours that occurs between January and April, being fundamental for obtaining seedlings with high vigor and productive potential (Wrege et al., 2007) . Watthier et al. (2011) , evaluating the performance of strawberry cultivars in the region of Pelotas/RS, with seedlings from Argentina, obtained total fruit yield of 308.6 g plant -1 , 305.8 g of commercial fruit production of the Albion cultivar. This production is higher than that obtained in the present work for the Albion cultivar. Already Carvalho et al. (2011) obtained average yields of 277.3 and 151 g plant -1 to cultivate Albion and San Andreas, respectively, according to the results obtained in the present study.
The number of cold hours accumulated with temperatures between 2 and 7 °C recommended for the strawberry seedlings, should be from 380 to 700 hours (Ronque, 1998) . Also according to the same author, some regions provide low temperature conditions, due to the latitude and/or high altitudes, providing a greater number of cold hours for the seedlings, which reflects in high productive potential. The results of the present work demonstrated that the Albion seedlings, from high altitude/BR, present productive potential similar to the seedlings from Patagonia/AR, without significant differences. However, if the production of the fruits with the phyllochron is compared, it can be observed that the Albion cultivar coming from high altitude/BR, even with a high phyllochron value (276.4 °C day leaf -1 ), that is, less emission of leaves, was the one in which presented higher fruit production (295.9 g plant -¹). This demonstrates that fruit yield is not correlated directly with the phyllochron, but with the genetic characteristics and productive potential of each cultivar.
The San Andreas cultivar originates from the cross between Albion and a selection, from the University of California (Antunes, 2016) . This cross was carried out to adapt the cultivar on the Central Coast and Southern California, being of neutral day. Therefore, because it is an improved cultivar, the tendency is that this one presents better results when compared to Albion. However, in the present work, it was observed that the San Andreas cultivar presented lower results of fruit production in the plants coming from high altitude/BR. This can be explained, due to the variation of the environment and the differences in the performance of the cultivars to the environments in which they are cultivated ).
Neutral day cultivars have the capacity to produce in longer days and higher temperatures, and can be transplanted later, but the seedlings should receive more cold hours during the stay in nursery, to favor the maturation of these and the accumulation of reserves (Monegat & Pagnan, 2015) . However, it can be observed that the different environmental conditions of the seedlings region of origin were not the primary factor in which the plant physiology was altered, but rather the genetic and acclimatization characteristics of the cultivar to the environmental conditions in which they were submitted, because it was observed that the Albion and San Andreas cultivars, from the same region, presented opposite results. The region may provide more favorable conditions for one cultivar than for another because these conditions are favorable for the plants to be able to express their productive potentials.
With relation to the number and production of non commercial fruits, the greater amount of discarded production usually occurs when there are favorable conditions for the occurrence of pests and diseases (Watthier et al., 2011) . These authors also report that the main cause of fruit discard is the classification by mass below the minimum determined for the fruit considered commercial (6 grams). Another factor that may lead to the occurrence of fruit discard is the genetic factor of the cultivars, which can often cause deformed fruits, failures in pollination, among others.
Thus, it was observed that the Albion cultivar of low altitude/BR, besides presenting inferior results of production of commercial fruits, also presented smaller results of production of non-commercial fruits. This shows that the seedlings origin, besides being important in relation to the productive potential, also becomes fundamental for the normal formation of the fruits. In order to avoid deformations in strawberry fruits, it is essential that the pollen be evenly distributed over the stigmas, and the shape of the fruits depends on the fertilized eggs and their distribution around the receptacle (Malagodi-Braga, 2002) . That is, when flowering is affected, it may not produce fruits or even generate with deformations, classifying them as non-commercial fruits.
They are also classified as non-commercial fruits those with rot, physical deformation, physiological anomalies, nutritional deficiencies and with attacks of fungi, insects or other predators (Duarte Filho et al., 2007) . Thus, even if environmental factors influence strawberry production, the cultivar and the seedlings origin also influence productivity.
The results the total titratable acidity, total soluble solids and relation total soluble solids/ did not present differences to the cultivars and the regions of origin of the seedlings, but it can be verified that the averages obtained in the present study were similar to the results obtained by Carvalho (2013) , which presented averages of 0.85 and 0.87 % of citric acid and 7.92 and 7.68 °Brix of TSS, for the Albion and San Andreas cultivars, respectively.
The flavor of the fruits are determined by the contents of total acidity, total soluble solids and the relation between them (Krüger et al., 2012) . The total soluble solids content is an indication of the sugars amount concentrated in the fruits (Kluge et al., 2002) , and the relation TSS/TA represents the fruit flavor, which is more representative than the TSS and TA variables separately, and for industry the processing takes place from a relation greater than 12-13 (Pinto, 2003) . Carvalho (2013) obtained TSS/TA averages of 9.39 and 8.9 for Albion and San Andreas cultivars from Argentina, respectively, being superior. This demonstrates that the results obtained in the present study are below industry standards, which can be justified by fruit harvesting at an incomplete maturation stage with low ºBrix levels or even unfavorable environmental conditions to provide a sweet flavor to the fruits.
The study demonstrate that the phyllochron varies according to the cultivar and the place of origin of the seedlings, and the San Andreas cultivar from low altitude/BR region requires less amounts of degrees-day to emit a leaf. The Albion cultivar of national origin (high altitude/BR) presents a higher phyllochron, high productive potential and less production of non-commercial fruits, being able to be used instead of imported seedlings (Patagonia/AR), which will reflect in costs reduction in the implantation of strawberry crops.
